Sponges from the genus Dysidea have been reported as a source of various bioactive secondary metabolites which include chlorinated metabolites derived from amino acids, sesquiterpenes, tricyclic furans, some based on the furodysidinin skeleton, polychlorinated alkaloids and bromodiphenyl ether congeners. Sesquiterpene or diterpene skeletons have been isolated from the marine sponge Dysidea avara. Avarol, avarone and their derivatives are the main reported secondary metabolites of D. avara. They possess interesting biological activities, e.g. antibiotic and antileukemic effects. A significant antiviral activity against HIV-I has been reported for several avarol derivatives and related compounds showing the potential to inhibit various functions of HIV-I reverse transcriptase [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
Reference NMR data were available in the literature for (+)-avarol (1), (+)-avarone (2), (-)-3'-methylaminoavarone (3) and (-)-4'methylamino-avarone (4) [2, 13, 14, 15] . In 1974, Minale et al. proposed the structure of avarol based on spectral data and degradation reactions [16] . Total synthesis of (±)-avarol contributed additional confirmation of its structure. The absolute stereochemistry of 1 was proposed as 5S,8S,9R,l0S based on CD measurements [17] . The spectral data revealed three substructures consisting of a sesquiterpene, a quinone and a taurine. The NMR 1 H/ 13 C shifts of the sesquiterpene moiety in 2 exactly matched the 1 H NMR (Table 1) , as well as the 13 C NMR ( Table 4 ).
The 1 H NMR coupling pattern of the quinone ring protons of 2 at  H 6.75 (1H, d, J = 10.1 Hz, H-3'), 6.70 (1H, dd, J = 2.5, 10.1 Hz, H-4') and 6.51 (1H, d, J = 2.5 Hz, H-6') indicates that the regiochemistry of an additional substituent appended to the avarone ring at either C-3', C-4', or C-6' can be rapidly deduced from the changes in multiplet patterns of the quinone ring protons [13, 14] . However, the 1 H/ 13 C NMR and HMQC spectra of the quinone ring signals of 5 exhibited AX system protons in the aromatic region at  H 5.55 (1H, d, J = 2.2 Hz)/δ C 103.6 (CH) and 6.27 (1H, br s)/δ C 137.9 (CH); these were indicative of meta-oriented CHs with a substituent attached at C-3'.
As expected, the quinone ring chemical shifts were similar to those of 3 [13, 15] . The remaining 1 H/ 13 C resonances at δ H 3.20 (2H, m)/δ C 50.1 (CH 2 ) and δ H 3.77 (2H, m)/δ C 51.4 (CH 2 ) were recognized as belonging to a taurine moiety. Both the AX system and side chain (-NCH 3 CH 2 CH 2 -) were confirmed from COSY correlations ( Figure 1 ). Furthermore, the HRFT-MS showed a quasi molecular ion peak at m/z 448 [M-H]¯, 108 mass units larger than those of 3, which is consistent with the molecular formula (C 24 H 34 NO 5 
Extraction and isolation:
The fine powdered sponge (70 g) was extracted exhaustively with methanol (3L/four times). The methanolic extract was concentrated under vacuum to give 4 g residue. The resulting extract was subjected to vacuum liquid chromatography (VLC) on silica gel, using a step gradient consisting of different portions of n-hexane: EtOAc. Elution started with 100% n-hexane and the EtOAc concentrations were increased gradually to 100% EtOAc, followed by a step gradient consisting of different portions of CH 2 Cl 2 : MeOH. Elution started with CH 2 Cl 2 and the MeOH concentrations were increased gradually to 100% MeOH. Fourteen fractions were collected (I to XIV). Fraction III (1.5 g) was further purified by CC on Sephadex LH-20, using (CH 2 Cl 2 : MeOH, 1:1) as a mobile phase to yield 1 (300 mg). Furthermore, fraction IV (500 mg) was further subjected to CC on Sephadex LH-20 using (CH 2 Cl 2 : MeOH, 1:1) as a mobile phase. Five subfractions were collected (IV-1 to IV-5). Subfraction IV-2 (200 mg) was further submitted to CC using silica gel 60 and (CH 2 Cl 2 : MeOH, 9.8:0.2). Five subfractions were obtained (IV-2-i to IV-2-v). Subfraction IV-2-i (70 mg) was further purified using reversed phase LiChroprep RP-18 (25-40 μm, Merck) as a stationary phase and ACN as a mobile phase to yield 2 (40 mg). Fraction X (300 mg) was further subjected to VLC on silica gel, using a step gradient elution consisting of different portions of CH 2 Cl 2 : MeOH. Elution started with 100% CH 2 Cl 2 and the MeOH concentrations were increased gradually till 100% MeOH. Seven subfractions were afforded (X-1 to X-7). Subfraction X-1 (50 mg) was further purified by CC on silica gel as a stationary phase and CH 2 Cl 2 as a mobile phase to yield 3 (3.5 mg) and 4 (3 mg), respectively. On the other hand, 5 (10 mg) was obtained by further purification of subfraction X-5 (70 mg) by CC using silica gel as a stationary phase and (CH 2 Cl 2 :MeOH, 9:1) as a mobile phase.
Bioassays:
A. Cytotoxicity assays: The cytotoxicity was tested against mouse lymphoma cell line L5178Y, the human colon carcinoma cell line HCT116 and the rat hepatoma cell line H4IIE, using the MTT assay. Briefly, cells were plated on 96-well plates with 10 4 cells per well. The cells were allowed to attach for 24 h and then treated with different concentrations of the compounds for 24 h. For the MTT assay, culture medium was replaced by medium containing 0.7 mg/mL {3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide} (MTT) and cells were incubated for 2 h at 37°C to allow the viable cells to reduce MTT to purple formazan. Cells were lysed with 95% isopropanol/5% formic acid. The concentration of reduced MTT as a marker for cell viability was measured using a Wallac Victor 2 multilabel counter at 560 nm. Cells incubated only with vehicle control (DMSO) were considered 100% viable.
B. Determination of NF-κB inhibiting activity:
Stably transfected cell clones of H4IIE-SEAP with pNF-κB-SEAP plasmid as a screening system for natural compounds that act as NF-κB inhibitors were used, as described previously [18] . Briefly, H4IIE-SEAP cells were seeded at a density of 2×10 5 cells/well on 24-well plates and given 24 h to attach. Cells were preincubated with the compounds for 1 h and then stimulated with 4 ng/mL TNF-α for 24 h. Activity of the reporter enzyme secreted alkaline phosphatase (SEAP) in the medium was measured using a chemiluminescence based detection method. In brief, conditioned cell culture medium (30 µL) was mixed with 90 μL of 1× dilution buffer (50 mM Tris, 150 mM NaCl, pH 7.4) and incubated for 30 min at 65°C to heat inactivate endogenous alkaline phosphatase activity. Thirty µL of each sample was mixed with 30 μL assay buffer (2M diethanolamine, 28 mM L-homoarginine) and 30 μL CSPD substrate (Tropix Inc. Bedford, MA, USA). After 15 min incubation in the dark, SEAP activity was measured in a plate luminometer (Victor 1420, Wallac). In each experiment it was verified that inhibition of SEAP activity was not due to cytotoxic effects (MTT assay).
